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01100. This study describes the transesophageal echocar-
diographic and follow-up findings In patients with aortic hdr8-
wal heammillage .
AwQwmt Localized sortie intramural hemorrhage result-
Ing In layered thickening of the sortie wall seems to represent a
valiult of made ante dismobut without communication or a
moving ladmal flap, In autopsy studies this variant,
attributed to a rupture of the vasa vasorum, has been described in
5% to 10% of patients with dissection .
MaMmW1. In a pnolmetive trimsmensmpliagemd echocardiographic
In pa
is with whir dissection performed between 1986
and 1991, the diagnosis of Intramural hemorrhage was established
in 15 of 114 patients and either confirmed toms y (7
patients) with an additional diagnostic imaging technique or on
the basis of clear follow-up changes (8 patients) .
Resuft. Elderly patients (mean age 70 years) with a history of
hypertension were affected by this variant of dissection . The
Transesophageal and Doppler echocardiographic methods
provide high resolution images of the aorta and its wall
structures as well as flow information . This method has been
successfully used to dew!t, acute aortic dissection and ath-
erosclerotic lesions of the aorta (1-7). Because of increasing
experience with this imaging modality, variants or subtypes
of dissection can be differentiated beyond the classic De-
Bakey criteria, such as localized dissection or dissection
accompanied by mediastinal hemorrhage (8-12) . Aortic in-
tramural hemorrhage without an intimal tear was first de-
scribed by Krukenberg (13) in 1920 and has been reported in
autopsy studies in 10% of patients with proved dissection
(14,15). Th ;s variant of dissection has also been reported in
studies using modem radiologic imaging techniques (16,17) .
In this prospective study symptomatic patients with sus-
pected acute aortic dissection were analyzed, and a sub-
group of patients with localized thickening of the aortic wall
but without a visible intimal flap were characterized as
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ascending aorta was involved in 3 patients and the descending
aorta in 12. The longitudinal extent varied between 3 and 20 cm,
and wall thickness varied between 0 .7 and 3 cm, Classic aortic
dissection developed in five patients (33%) and rupture in four
(27%). Ingredion of aortic wall thickening was noted in two
patients, whereas three patients became asymptomatic without
apparent wall changes (33%), Surgery was performed in 5
patients, whereas medical therapy was continued in 10 . During a
mean Woup period of It months, eight patients (53%) died
because of complications of the aortic disease .
Conclusions . Intramural hemorrhage represents a variant of
aortic dissection and may be an early finding in patients who
develop classic aortic dissection or rupture . Transesophageal
echocardiography is an excellent method for the detection of
intramural hemorrhage and for monitoring these patients.
(J Am Coil Cardiol 1994,23 :658-64)
having intramural hemorrhage . The echocardiographic find-
ings and prognosis of these patients are described in this
report .
Methods
Patients. Between January 1986 and March 1991, the
diagnosis of aortic dissection was established in 114 patients
by transesophageal echocardiography in our laboratory . In
27 severely symptomatic patients. localized wall thickening
of the aorta with central displacement of intimal calcification
was detected. In 15 of these 27 patients, the diagnosis was
confirmed either by operation or at autopsy (7 patients) and
by computed tomography or nuclear magnetic resonance
imaging (MRI) or clear changes during follow-up examina-
tion (8 patients). Only these 15 patients (3 women, 12 men ;
mean age 70 years, range 53 to 80) are included in this study .
Clinical data, such as duration of symptoms, risk factors and
follow-up observations, are reported .
Echocardiography. Echocardiographic examinations
were performed using commercially available 5-MHz mono-
plane and biplane transesophageal transducers attached to
electronic sector scanners (Toshiba SSH 160 A, Aloka SSD
870). From 1986 to 1988, monoplane probes were used in five
patients (Patients 1, 3, 7, 8 and 10) . All later studies were
0735-1197194/57.00
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performed using biplane equipment . All instruments had a
90' field of view and one- and two-dimensional echocardlo-
graphic as well as pulsed and color-coded Doppler modali-
ties .
Examination technique. In acutely symptomatic pa-
tients, a bedside examination was performed in the emer-
gency ar intensive care unit using mild intravenous sedation
(5 to 10 mg of diazepam) and continuous blood pressure and
electrocardiographic (ECG) monitoring . All patients fasted
for L>4 h before the examination . Patients were examined in
the left lateral decubitus position . The probe was advanced
30 to 35 cm into the esophagus, and the ascending aorta was
scanned by slowly pulling back the probe 5 to 8 cm from the
aortic valve level to the right pulmonary artery level . Care
was taken to obtain cross-sectional and longitudinal images
of the ascending aorta and to avoid tangential planes .
The ascending part of the aortic arch could not routinely
be visualized because of interposition of the left bronchus .
After study of the ascending aorta, the probe was turned
toward the descending thoracic aorta and advanced past the
diaphragm to study the proximal abdominal aorta and then
pulled back slowly toward the aortic arch to visualize the
descending aorta in cross-sectional and longitudinal consec-
utive planes . The examination technique has been described
in detail elsewhere (2,18) .
Echocardiographic criteria and measurements . Intra-
mural hemorrhage was defined as >0.7 cm circular or
crescentic thickening of the aortic wall, with central dis-
placement of intimal calcification, a layered appearance and
a longitudinal extent of 1 to 20 cm and by the absence of a
dissection membrane and an intimal tear . Partial or complete
thrombosis of the hemorrhage led to a thrombus-like echo
pattern of the aortic wall . During the cardiac cycle, some
differential movement between the wall layers could be
observed. All patients presented with symptoms of acute or
subacute aortic dissection .
Measurements of the aortic diameter and wall thickness
were performed at the level of the maximal extent of the
hemorrhage from the internal border of the intima to the
outer edge of the adventitia . The normal age-adjusted diam-
eter of the descending aorta in our laboratory is 1 .45 ±
0.16 cm/m2 , and normal wall thickness is 0.47 ± 0.07 cm
(19) . The longitudinal extent of the hemorrhage was evalu-
ated by scanning the ascending aorta from the aortic valve
level up to the crossing of the right pulmonary artery and the
descending aorta from below the diaphragm to the arch on
the basis of the distance from the incisors . The lumen
surface of the aorta was evaluated for the presence of
atherosclerotic plaques, which were characterized as fol-
lows : I+ = small, localized echodense areas not exceeding
the level of the wall structures ; 2+ = protruding isolated
fibrotic or calcified plaques ; 3+ = severe, complex athero-
sclerotic changes of the entire wall of the aorta .
Computed tomographic and 11 ?R1 criteria .
Intramural
hemorrhage was defined by computed tomography as a
localized segmental, crescentic high attenuation area along
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the aortic wall without enhancement after contrast injection
but with central displacement of irtimal calcification and by
MR1 as a crescentic high intensity area along the aortic wall .
In both studies the absence of a typical intimal flap, commu-
nication and flow registration within the false lumen was
required .
Follow-up data. Clinical and follow-up data were ob-
tained from the patients' charts and surgical and autopsy
reports . Echocardiographic criteria for "clear" follow-up
changes were the development of a typical dissection or
marked changes in wall thickness (±0.5 cm),
Results
Clinical characteristics of the study patients are presented
in Table 1 . Duration of symptoms of dissection before
diagnosis varied between 2 h and 2 months . All patients
except one had a long history of hypertension . There were
three patients (20%) with a previous stroke and four patients
(27%) with an aneurysm of the abdominal aorta . Diagnosis of
intramural hemorrhage was confirmed in all patients either
by computed tomography (13 patients) or MRI (2 patients) .
Echocardiographic results . Echocardiographic findings
are listed in Table 1 . In three patients intramural hemorrhage
was noted in the ascending aorta (Fig . 1). In 12 patients
segments of the descending aorta were affected (Fig . 2) . The
longitudinal extent of the hemorrhage varied from 3 to
20 cm. The maximal diameter of the aorta at the level of
intramural hemorrhage varied between 3 and 8 .4 cm (mean
4.4) . The maximal wall thickness at the site of the hemor-
rhage ranged from 0 .7 to 3 cm. The lumen surface of the
aorta appeared smooth in 4 of 15 patients . Atherosclerotic
plaques were detected in I I of 15 patients : 8 patients had I +,
2 had 2+ and I had 3+ wall changes in the same or adjacent
segments of the aorta (Fig . 2) In all patients, the hemorrhage
led to a crescentic or nearly concentric circular thickening of
the aortic wall (Fig . 2 to 4) . In 10 of 15 patients, echo-free
spaces without flow registration were present within the
hemorrhage, representing contained fluid compartments . All
patients with involvement of the ascending aorta had peri-
cardial etusion, whereas left-sided pleural effusion was
noted in 7 (47%) of 15 patients (Patients 2, 3, 5, 6, 8, 10 and
11). Mediastinal hemorrhage occurred in three patients
(Patients 2, 8 and 15) .
Follow-up data . Mean follow-up was I I months (range
I day to 64 months). Surgery was performed in five patients
(33%) (Patients 1, 6, 7, 8 and 15) : in two patients during the
acute phase because of suspected rupture and in three
patients after attempted medical management because of
persistent pain and progression of aortic wall thickness or
dissection. Medical therapy was judged to be the treatment
of choice in 10 patients . In five patients (33%) (Patients 3, 6,
8, 13 and 14), the initial intramural hemorrhage evolved into
typical aortic dissection, with (two patients) or without
(three patients) a secondary intimal tear (Fig
. 3) . This
progression to typical dissection was detected by follow-up
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'fable 1. Clinical and Echocardiographic Data
A = autopsy ; Ao = aorta ; Ao Diss = aortic dissection ; Asc = ascending ; CI = clinical findings ; Desc = descending ; F = female . IMH = intramural
hemorrhage ; M = male ; nc = noncommunicating
; Pt (pt) = patient ; Rec = recurrent ; S = surgery; sympt = symptomatic ; I = regression of aortic wall thickness ;
0 = smooth lumen surface ; + = small, localized echodense area not exceeding the level of the wall structures ; + + = protruding isolated fibrotic or calcified
plaques ; +++ = severe, complex atherosclerotic changes of the entire wall of the aorta .
transesophageal echocardiography . In four patients (27%)
(Patients 1, 2, 3 and 15), aortic rupture occurred within I to
7 days after initial diagnosis . Two patients died before
surgical intervention and two others after surgical interven-
tion because of postoperative complications. Regression of
the hemorrhage or a decrease in wall thickness was noted in
two patients treated medically (Fig . 4), whereas three pa-
tients became asymptomatic without changes in aortic wall
thickness. Eight patients (53%) died I day to 6 months after
initial diagnosis because of complications of the aortic dis-
ease. Three of these patients had undergone surgical inter-
vention, whereas 5 had been treated medically .
EdwusMon
Typical transesophageal echocardiographic features of
communicating aortic dissection are a double-lumen aorta
divided by a moving dissection membrane with different flow
patterns within the true and the false lumen and the depiction
of intimal tears (3,4,8,9) . Noncommunicating aortic dissec-
tion represents a variant of dissection, most often involving
the entire descending aorta characterized by a double-
channel aorta divided by a dissection membrane but no
ititimal tear
. The false lumen is created by a massive
hemorrhage into the wall, most likely after rupture of the
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vasa vasorum. The false lumen initially has an echo-free
appearance and no or only slow flow registration .
The prognosis of noncommunicating dissection has been
show,~ to be superior to that of communicating aortic dissec-
tion (10,20) . Healing of chronic dissection due to partial or
complete thrombus formation within the false lumen has
been described and occurs more often in noncommunicating
dissection (10,18,20,21).
On the basis of clinical symptoms, patients included in
this study presenting with intramural hemorrhage could not
be differentiated from those with typical communicating or
noncommunicating dissection . However, echocardiographic
abnormalities consisted of more subtle changes of the aortic
wall described as segmental, circular or crescentic wall
thickening without the "double-channel" appearance . The
hemorrhage had a thrombuslike, homogeneous echo struc-
ture in one-third of the patients, whereas in 10 patients had
small echo-free areas probably representing contained liquid
zones. Intramural hemorrhage has been described using
computed tomography or MRI as circular high intensity
areas along the wall of the aorta by Yamada et al . (16) in 1988
and Stanson et al . (17) in 1989 .
Intramural hemorrhage seems to represent a more con-
fined or early stage of the dissecting process with recurrent
but self-limiting bleeding into the wall layers that may
Pt
No .
Age (yr)/
Gender
Location
Longitudinal
Extent
(cm)
Aortic
Diameter
(cm)
Diameter
of IMH
(cm) Plaques
Symptoms
Before
Diagnosis Follow-Up
Findings
I
731M Asc Ao
6 4.6
1 .4 0 9 h I day
(pt died)
S/A (intramural hemorrhage, rupture)
2
72/F Asc Ao
6
8 .4 3.0
++
15 days 3 days A (mediastinal hemorrhage
rupture)
3 66/M Desc Ao
12
5 .5 1 .8 0 7 days 7 days
A (type III Ao Diss nc rupture)
4
57/M lest Ao
13 4.0 1 .5
+
2 days 13 days
Cl (sympt improvement)
5
71/F Asc + desc Ao
Asc 5 3 .0 1 .6
+ Rec 8 wk 24 days Cl (stroke, slow sympt improvement)
Desc 15 4.0
1 .4
6 69/F Desc Ao
12
4
.3
0 .7
0
4 h 24 mo S (type III Ao Diss)
7
67/M Desc An 15 6.5
2.0
+
3 days 64 me S (intramural hemorrhage)
8
79/M Desc Ao
IS 7.0 2.0 + 2 days 30 days S (intramural hemorrhage,
mediastinal hemorrhage),
A (progressive Ao Diss)
9 801M Dese Ao
IS 3 .5
1 .0 + 4 h 32 days Cl (hemiplegia. renal failure)
10
53/M Dese Ao 13
4 .0 1 .0 + 3 h 12 mo Cl (sympt improvement at I wk,
intramural hemorrhage I
I I
57/M Desc Ao 20 4
.4
2 .3 0 6 days 21 mo Cl (sympt improvement)
12 76/M Desc Ao
5 3 .0 1 .3 6 days 17 mo Cl (sympt improvement at 4 wk,
intramural hemorrhage I )
13 761M Desc Ao 12 4 .2 1 .3
+ 4 h 2 mo Cl (type III Ao Diss, renal failure)
14 60/&I rest Ao
3 3 .2 1 .0 + + 2 h 8 days Cl (type I Ao Diss, paraparesis)
IS
65/M Desc Ao 15 6 .5 1 .0
+
Rec 8 wk 40 days S (intramural hemorrhage,
mediastinal hemorrhage, rupture)
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Figure 1. Transesophageal two-dimensional echocardiograms
showing intramural hemorrhage of the ascending aorta (Ao asc)
verified by immediate operation. AV = aortic valve, IVS = inter-
ventricular septum; LA = left atrium ; LVOT = left ventricular
outflow tract ; MV = mitral valve ; RV = right ventricle .
progress, as has been shown recently by our group, within
hours or days to typical dissection of the entire aorta (11,12)
or to rupture, as shown in this study . At the other end of the
spectrum, if antihypertensive therapy is successful the hem-
orrhage may completely resolve, as was seen in one patient
in this study .
Different pathophysiologic processes can lead to intramu-
ral hemorrhage. The most frequent cause may be cystic
medial necrosis and rupture of the vasa vasorum into the
outer layers of the media close to the adventitia (13-15) . The
hemorrhage into the outer wall structures may explain why
the risk of rupture is high (27%) even though the dissection
process may be very localized . Another potential cause of
intramural hemorrhage is plaque rupture (14) followed by
bleeding into an atheroma or a penetrating ulcer, as de-
scribed by Stanson et al . (17,22) .
MOHR-KAHALY ET AL
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The etiology of the hemorrhage may be hypothetically
deduced from echocardiographic wall morphology and, in
particular, the lumen surface of the aorta
. In an earlier study,
we described two different echocardiographic features (11) .
Patients with a smooth lumen surface and 1 + atherosclerotic
changes were differentiated from those with a rough lumen
surface (representing 2+ and 3+ atherosclerotic changes)
together with wall thickening.
In patients with a smooth lumen surface, cystic medial
necrosis and rupture of the vasa vasorum were considered
the most probable etiologies. This was proved in four
patients included in this series by pathoanatomic evaluation .
Although we have no pathoanatomic data concerning the
second group, Stanson et al . (17,22) have shown that intra-
mural hemorrhage may result in these patients from pene-
trating ulceration and plaque rupture . In this second group,
intramural hemorrhage may be difficult or impossible to
differentiate by echocardiographic criteria alone from severe
atherosclerosis without hemorrhage (6,7) . Therefore, we
excluded all patients in the second group from this study,
with one exception (Patient 12), with a clear decrease in wall
thickness during follow-up and resolution of symptoms .
Clinical symptoms of acute or subacute recurrent chest
and back pain, together with the described echocardio-
graphic findings, should raise the suspicion of intramural
hemorrhage, especially when there is pleural or pericardial
effusion as a sign of increased permeability of the aortic wall
and impending rupture. All patients with involvement of the
ascending aorta had a pericardial effusion, whereas pleural
effusion was noted in 47% of our patients . These findings
correspond to those reported by Yamada et al . (16), who
noted pericardial effusion in 60% of patients with involve-
ment of the ascending aorta and pleural effusion in 50% of
patients with type B hemorrhage .
This variant of acute dissection affects elderly patients
(mean age 70 years) with longstanding hypertension and
associated hypertensive complications, such as stroke and
abdominal aortic aneurysm . Patients presenting with typical
dissection in other studies and in the European Cooperative
Study were considerably younger (2) (mean age 56 years) .
Follow-up and prognostic implications . Echocardlo-
graphic follow-up by transesophageal echocardiography
demonstrated progression to typical dissection in 33% of
patients, whereas rupture occurred in another 27%. The
mortality rate due to complications of aortic disease was
high at 53%. The prognosis of patients presenting with
intramural hemorrhage is thus poor, partly because of the
advanced age of the patients and the severity of coexisting
atherosclerotic vascular disease .
Spontaneous regression and even disappearance of wall
thickening were, however, seen in two patients in this study .
A nearly normal appearance of the aorta at follow-up was
also reported by Yamada et al. (16) in 8 of 10 patients with
type B involvement of the aorta . Resorption of hemorrhage
during antihypertensive therapy may, in fact, be a more
frequent phenomenon than is suggested by our study as a
662
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2 (above). Transesophageal two-dimensional echocardio- Figure 3 (below). Transesophageal two-dimensional echocardio-
grams showing extensive wall thickening of the descending aorta as grams and drawings showing aortic wall thickening (left) indicating
a result of intramural hemorrhage with additional atherosclerotic intramural hemorrhage in a 69-year old patient and (right) progres-
plaques and flow registration within the true lumen . sion to type III aortic dissection 3 weeks later after another episode
of pain .
20 cm
28 cm
41 cm
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result of selection bias. intramural hemorrhage was initially
suspected in 27 of (23%) 114 patients with dissection in our
prospective analysis and was reported in 41% of the patients
described by Yamada et al . (M) . This high rate of intramural
hemorrhage significantly exceeded the 5% to 10% incidence
rate reported in autopsy studies . These discrepancies may be
explained by the complete healing of the dissecting process
and also by the inclusion of patients with noncommunicating
dissection, as in the study of Yamada et al . (16) .
Treatment of intramural hemorrhage . Because two thirds
of patients with involvement of the ascending aorta experi-
enced aortic rupture within a few days, all patients in an
operable condition should be treated surgically as soon as
possible. In patients with hemorrhage of the descending
aorta, watchful waiting may be recommended . Urgent sur-
gery was performed successfully in five of our patients, but
three of these patients died of further vascular complications
within a few weeks . Careful antihypertensive medical ther-
apy and blood pressure monitoring should be initiated in all
patients. Information on more patients is necessary before
further conclusions can be drawn .
Limitations or pitfalls of transesophageal echocardiography
in the diagnosis of intramural hemorrhage . Differentiation
based on echocardiography alone between intramural hemor-
rhage and severe atherosclerotic changes of the aorta with
associated wall thickening from a healing chronic type B
dissection may be difficult or even impossible . In these cases
MOHR-VARALY ET AL .
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Figure
4 . Transesophageal two-dimensional echocardiograms and
drawings showing (left) extensive intramural hemorrhage involving
the descending aorta during the acute phase in a 54-year old man .
Right, nearly complete normalization of the aortic wall is evident at
9-month follow-up study .
only changes during follow-up studies may suggest the correct
diagnosis .
Tangential sections of the aorta may mimic wall thicken-
ing. Another potential source of error may be the mistaken
identification of the area around the hemiazygos vein at the
depth of -33 to 37 cm from the incisors as pathologic
localized wall thickening . Finally, the age-related normal
values for the dimension and wall thickness of the aorta have
to be taken into account (19) .
Conclusions . Intramural hemorrhage of the aorta may be
detected by transesophageal echocardiography as crescentic
or circular wall thickening . We showed that this variant of
acute dissection due to rupture of the vasa vasorum without
a primary intimal tear may progress to typical dissection in
33% or to rupture in another 27% of patients and is fre-
quently accompanied by pericardial or pleural effusion .
Regression was demonstrated in only 13% of our patients .
In elderly hypertensive patients with acute or subacute
symptoms of aortic dissection but without the typical
echocardiographic findings of a double-channel aorta, atten-
tion should be given to segmental wall thickening of the aorta
>0.7 cm. Those patients should receive antihypertensive
664
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therapy and be closely monitored for signs of progression to
dissection and to other complications .
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